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FOREWORD 

This  report  presents  the  instrumented-impact  test  results  for  several  new  composite  material 
systems.  This  effort  is  part  of  the  Characterization  of  Composites  Program  being  performed  for  the 
Naval  Air  Systems  Command.  Mr.  Richard  Schmidt  is  the  materials  technology  administrator.  All 
tests  were  performed  at  the  Naval  Air  Development  Center.  Composite  material  test  specimens 
were  fabricated  by  Grumman  Aerospace  Company  and  the  Naval  Air  Development  Center.  The 
authors  gratefully  acknowledge  the  contribution  to  this  research  effort  of  Mrs.  D.  Heal  who  assisted 
in  the  impact  testing. 
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INTRODUCTION 

Graphite-fiber  reinforced  resin-matrix  composites  are  firmly  established  as  a  major  aerospace 
material  expected  to  comprise  over  half  the  structural  weight  of  near  future  aircraft.  The  wide¬ 
spread  use  and  acceptance  of  graphite/epoxy  composites  in  components  of  such  advanced  aircraft 
as  F-18  and  AV-8B  results  from  the  structural  efficiency,  extensive  characterization  and  manufact¬ 
urability  of  the  current,  mature  systems,  such  as  AS/3501-6  and  T300/5208.  The  epoxy  matrixes 
of  these  matt  als,  however,  have  prevented  the  structural  engineer  from  taking  full  advantage  of 
the  performance  improvements  possible  through  the  use  of  graphite-fiber  composites.  While  it  is 
the  high  tensile  strength  and  modulus  of  the  fiber  which  is  responsible  for  the  strength  and  stiffness 
of  a  composite  structure,  the  matrix  is  an  essential  element  necessary  to  maintain  fiber  alignment, 
stabilize  the  fibers  against  buckling  and  provide  for  load  transfer  between  fibers.  The  current  epoxy 
resins  are  degraded  by  environmental  moisture,  drastically  reducing  their  strength  at  elevated 
temperature  and  limiting  their  continuous  service  capabilities  to  below  250°F(1210C).  They  are 
brittle  and  easily  damaged  by  low  velocity  impact,  in  some  circumstances  incurring  substantial 
internal  damage  while  showing  no  visual  signs  of  being  struck.  The  designer  is  thus  forced  to  restrict 
these  composites  to  load  levels  far  below  the  capabilities  of  the  fibers  to  compensate  for  environ¬ 
mental  effects  and  possible  impact  damage.  Bismaleimide  resin  systems  have  provided  improved 
thermal  resistance  over  epoxies  but  possess  the  same  limitations.  The  material  suppliers  have  under¬ 
taken  to  address  these  limitations  by  formulating  new  resin  systems  to  provide  better  impact 
resistance,  higher  strain-to-failure,  and  improved  hot-wet  strength.  The  impact  characterization 
described  in  this  paper  was  one  part  of  a  larger  overall  program  fully  characterizing  several  new 
prepreg  systems  with  respect  to  their  physical  and  mechanical  properties,  see  reference  1 . 

The  materials  being  evaluated  were  divided  into  two  classes  based  upon  operational  service 
temperature.  The  AS4/Hercules  3501-6  graphite/epoxy  was  compared  to  the  newer  AS4/Hercules 
2201-1,  Celion  High-Strain/Narmco  5245,  and  IM6/Narmco  5245C  toughened  epoxy  systems  in 
the  2500F(1210C)  service  category.  Materials  tested  in  the  350OF(177OC)  service  category  were: 
T300/AVCO  130B,  T300/Hexcel  81-5,  T300/U.S.  Polymeric  V378A,  XAS/Hysol  9101-3,  and 
HX/Hexcel  1516  graphite/bismalimides. 


PROCEDURE 

Equipment  —  A  Dynatup  Model  8200  Drop  Tower  with  Dynatup  Model  371  Instrumented  Impact 
System  was  used  for  the  impact  tests,  figure  1 .  Cross-head  weight  can  be  varied  from  7.0  to  32 
pounds  and  impact  velocities  up  to  25  ft/sec  achieved.  This  tower  can  impose  impact  energies  in  the 
range  from  1  to  320  ft-lb  so  that  the  complete  spectrum  of  composite  failure  mechanisms  from 
incipient  damage  up  to  through-penetration  can  be  studied.  Impact-force  versus  time  and  velo- 
cometer  output  from  the  instrumented  impact  system  are  captured  on  a  Nicolett  Explorer  III 
model  206-2  digital  oscilloscope.  The  curser  trigger  feature  of  the  digital  oscilloscope  simplifies 
testing  as  the  force-time  analog  output  itself  is  used  to  trigger  signal  capture.  Further,  the  digitized 
wave  form  then  stored  by  the  oscilloscope  is  directly  output  to  a  Hewlett-Packard  HP9826  desktop 
computer  for  analysis  and  data  presentation. 

Specimen  Preparation.  Quasi-isotropic,  16  ply  laminates  with  [+452/(0/90)2]  s  stacking  sequence 
were  fabricated  of  each  material  system  from  which  individual,  6  inch  square  impact  test  specimens 
were  cut.  Nominal  specimen  thickness  was  1/8  inch.  All  specimens  were  fabricated  from  prepreg- 
tape  except  the  T300/V378A  specimens  which  were  made  from  balanced  plain  weave  cloth. 

Procedure.  Each  plate  impact  specimen  was  clamped  in  the  drop  tower  along  its  edges  between  two 
steel  frames  leaving  a  5  inch  by  5  inch  square  test  section.  A  1/2  inch  radius  hemispherical  steel 
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indenter  was  attached  to  the  cross-head  and  each  specimen  was  struck  once  at  its  center  normal  to 
its  surface.  The  cross-head  was  caught  after  rebound  to  prevent  multiple  impacts.  All  specimens 
were  inspected  by  ultrasonic  C-scan  before  and  after  each  test.  All  testing  was  performed  at  room 
temperature  in  a  laboratory  environment.  Impact  energy  was  controlled  by  adjusting  the  cross-head 
weight  and  drop  height.  Critical  parameters  determined  for  comparing  the  impact  response  of  each 
type  of  materials  are: 

( 1 )  Load  at  incipient  damage,  Pjpc 

(2)  Energy  absorbed  at  incipient  damage,  Ejpc 

(3)  Maximum  load,  Pmax 

(4)  Energy  absorbed  to  maximum  load,  E^gx 

(5)  Total  absorbed  energy  for  through-penetration,  E^q^ 

A  typical  instrumented-impact  output  for  a  through-penetration  test  of  AS4/3501-6  specimen 
is  show.n  in  figure  2  identifying  the  various  critical  loads  and  energies.  While  the  load  and  time 
response  is  directly  measured,  the  absorbed  energy  and  displacement  values  are  incrementally  com¬ 
puted  from  the  measured  initial  velocity,  cross-head  mass,  and  the  load-time  history  using  the 
methods  of  reference  2. 

Three  impact  energy  levels  were  studied; 

(1)  through-penetration  (puncture) 

(2)  maximum  load  impact  energy,  E^ax 

(3)  incipient  damage 

In  this  manner,  a  damage  gradient  is  obtained  for  each  prepreg  system  indicating  its  response  over 
the  entire  range  of  damage  mechanisms  from  incipient  to  total  puncture.  Only  one  test  was  per¬ 
formed  per  prepreg  system  per  energy  level.  Through-penetration  instrumented-impact  test  results 
were  used  to  establish  the  peak  load  energy  level.  It  was  not  obvious  from  the  through-penetration 
test  results  when  incipient  damage  had  occurred.  In  most  cases,  incipient-damage  impact  levels 
could  be  determined  from  the  peak-load  impact  energy  level  test  or  a  lower  impact  energy  level  test. 
In  those  cases  where  none  of  the  instrumented  impact  test  traces  clearly  established  incipient 
damage,  it  was  determined  by  reducing  the  impact  level  until  no  damage  was  detectable  by  ultra¬ 
sonic  C-scan. 


RESULTS 

Table  1  presents  a  summary  of  the  critical  impact  parameters  measured  during  these  tests. 
Table  2  and  3  present  the  individual  test  results  for  the  250°F  and  350°F  service  systems, 
respectively.  Detailed  data  sheets  for  each  test  specimen  can  be  found  in  the  appendix. 

250QF  Service  Systems.  Impact  force  versus  displacement  response  of  the  four  250°F  systems  are 
plotted  in  figure  3.  Figures  4  and  5  compare  the  energy  and  force  results,  respectively  and  figure  6 
plots  the  C-scan  damage  area  versus  impact  energy  (cross-head  kinetic  energy  at  impact)  results.  The 
IM6/Narmco  5245C  demonstrated  the  best  impact  resistance,  requiring  nearly  twice  the  energy  to 
cause  incipient  damage  and  a  third  more  energy  to  penetrate  as  the  other  systems.  There  was  little 
difference  between  the  response  of  the  other  three  materials.  In  C-scan  damage  area  versus  impact 
energy,  the  AS4/Hercules  3501-6  sustains  the  greatest  damage  at  the  10  ft-lb  impact  level,  but  at 
higher  energy  levels  the  four  systems  are  similar. 
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Our  ranking  of  the  impact  resistance  of  the  250OF  service  systems  is  then: 
IM6/Narmco  5245C 


Celion  High  Strain/Narmco  5245 
equal  /  AS4/Hercules  3501-6 
(  AS4/Hercules  2220-1 

350°F  Service  systems.  The  impact  force  versus  displacement  response  of  the  five  bisrhaleimide 
systems  is  shown  in  figure  7.  Figures  8  and  9  present  the  energy  and  force  result  comparisons  and 
figure  10  plots  the  C-scan  damage  area  versus  impact  energy.  Since  the  T300/U.S.  Polymeric  V378A 
test  specimens  were  made  from  plane-weave  cloth,  its  impact  response  can  not  be  directly  compared 
to  the  other,  tape  layup  systems.  The  use  of  woven  cloth  generally  results  in  smaller  damage  areas 
as  the  delamination  is  inhibited  by  the  direct  mechanical  reinforcement  of  the  interlocking  fabric 
yarns.  Of  the  tape  systems,  all  had  similar  impact  response,  except  for  the  T300/Avco  1308.  It 
experienced  incipient  damage  at  a  third  the  energy  of  the  other  systems  and  required  only  half  the 
energy  to  be  punctured.  It  also  experienced  the  largest  damage  areas  of  all  systems  tested. 

While  the  incipient  damage  levels  of  the  better  bismalimides  were  equal  to  the  lower  tempera¬ 
ture  materials,  they  were  more  easily  punctured  than  the  latter.  Our  ranking  of  the  impact  resistance 
of  the  bismaleimide  systems  is  then: 

T300/U.S.  Polymeric  V378A  Cloth 

HX/Hexcel  1516 

XAS/Hysol  9102 

T300/Hexcel  81-5 

T300/AVCO  1308 

DISCUSSION 

It  is  normally  assumed  that  the  initiation  of  damage  in  the  composite-plate  impact  specimen 
causes  a  reduction  in  stiffness  which  is  indicated  as  a  dip  in  the  load-time  trace.  This  point  could 
not  always  be  established  from  the  impact  test  output  due  to  the  presence  of  higher  frequency 
oscillations  on  the  load  analog  signal  which  are  the  result  of  dynamic  interactions  between  target- 
plate  and  cross-head,  figure  1 .  Further,  the  initial  damage  experienced  in  the  matrix  of  the  compo¬ 
site  plate  may  be  so  slight  as  to  have  negligible  effect  on  the  bending  stiffness  and  so  not  appear  on 
the  impact  test  trace.  Thus,  ultrasonic  C-scan  inspection  was  essential  to  establish  the  presence  of 
damage  and  aid  in  determining  the  incipient-damage  impact  level  in  three  of  the  nine  systems  tested. 

Due  to  the  amount  of  material  needed  to  fabricate  the  relatively  large  test  specimens  required 
for  drop  tower  testing,  only  one  impact  test  was  performed  per  system  per  energy  level.  The  6  inch 
by  6  inch  by  1/8  inch  specimen  size  serves  both  to  simulate  typical  service  support  conditions  and 
to  suppress  the  higher  frequency  oscillations  present  on  the  force  analog  output  by  reducing  the 
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effective  stiffness  of  the  target  plate  relative  to  the  cross-head.  Since  the  same  large  amount  of 
scatter  can  be  expected  in  the  impact  test  results  as  is  typically  encountered  in  composite  static 
testing,  this  is  a  serious  disadvantage. 

In  ranking  the  impact  resistance  of  different  materials,  high  resistance  to  incipient  damage 
clearly  is  a  desirable  trait,  so  too  is  high  maximum  load.  The  maximum  load  can  be  interpreted  as 
corresponding  to  the  fiber  failure  while  the  incipient  damage  load  corresponds  to  matrix  failure. 

How  the  composite  should  be  ranked  based  upon  total  absorbed  energy,  on  the  other  hand,  is  not 
so  clear  cut.  The  total  absorbed  energy  includes  the  energy  absorbed  by  the  composite  in  the 
creation  of  damage.  It  also  includes  the  energy  lost  through  the  various  dissapative  mechanisms  dur¬ 
ing  the  impact  event.  Such  examples  are  damping  in  the  cross-head  and  within  the  specimen  and 
the  frictional  drag  between  the  tup-shaft  and  specimen  at  the  edge  of  the  hole  created  in  the  speci¬ 
men  during  the  puncture  test.  We  shall  choose  to  ignore  all  these  effects  except  for  the  creation  of 
damage  in  the  specimen.  Here  again,  the  use  of  the  ultrasonic  C-scan  inspection  was  essential  in 
interpreting  the  impact  test  results.  Materials  which  incur  large  areas  of  delamination  which  could 
reduce  a  structure's  compressive  strength  are  less  desirable  than  those  materials  which  confine  the 
damage  to  a  relatively  small  area.  Materials  which  absorb  little  total  energy  but  produce  a  small, 
clean  hole  may  be  desirable  in  some  applications,  providing  they  also  have  high  initial  damage  and 
peak  load  values.  If  the  structure  is  such  that  holes  can't  be  tolerated,  then  materials  which  absorb 
large  amounts  of  energy  in  the  creation  of  delamination  surfaces  may  be  preferable  rather  than  the 
low  velocity  impact  threat  penetrating  the  component.  Generally,  the  best  materials  are  those 
which  absorb  the  greatest  amount  of  energy  for  the  least  amount  of  damage.  Thus,  total  absorbed 
energy  is  not  in  itself  a  useful  parameter  in  ranking  material  impact  response.  The  extent  of  damage 
must  also  be  known  along  with  the  type  of  damage  the  intended  structure  can  best  tolerate. 

The  incipient  damage  energy  level  for  the  AS4/Hercules  3501-6  is  1 .2  foot-pounds.  This  repre¬ 
sents  the  baseline  level  from  which  to  assess  the  improvements  achieved  by  the  newer  materials.  The 
IM6/Narmco  5245C,  which  had  the  highest  incipient  damage  level  of  the  materials  tested  here,  more 
than  doubles  this  value  with  an  incipient  damage  energy  value  of  2.7  foot-pounds.  In  practical  terms, 
however,  a  two  or  three  fold  improvement  over  the  1.2  foot-pounds  level  still  results  in  an  easily 
damaged  material.  The  designer  must  still  allow  for  the  possibility  of  sub-visual  damage  occurring  in 
the  structure.  Thus,  residual  strength  and  fatigue  testing  of  damaged  composite  specimens  is  required 
to  fully  assess  the  effects  of  impact  on  the  structural  performance  of  a  composite  material  system. 

CONCLUSIONS  AND  RECOMMENDATIONS 

1 .  The  instrumented-impact  testing  was  performed  to  make  direct  comparisons  between  the  impact 
damage  resistance  of  different  composite  material  systems  using  geometrically  identical  test  speci¬ 
mens.  The  through-penetration  or  puncture  test,  usually  the  single  impact  level  investigated  with 
drop-weight  impact  towers,  provides  the  majority  of  impact  response  data,  but  by  itself  is  insuffi¬ 
cient  to  describe  the  range  of  composite  damage  levels  likely  to  be  experienced  in  service.  Nor  can 
it  be  relied  upon  to  consistently  provide  incipient-damage  impact  data.  A  number  of  impact  energy 
levels  need  to  be  imposed  in  concert  with  an  adjunct  damage  measurement  method,  such  as  ultra¬ 
sonic  C-scan,  to  fully  describe  the  impact  response. 

2.  The  IM6/Narmco  5245C  demonstrated  the  best  impact  resistance  of  the  four  250°F  service 
temperature  systems  tested.  The  impact  resistance  of  the  Celion  High-Strain/Narmco  5245,  AS4/ 
Hercules  3501-6,  and  AS4/Hercules  2220-1  were  essentially  identical. 

3.  In  the  350OF  service  category,  the  HX/Hexcel  1516,  XAS/Hysol  9101-3,  and  T300/Hexcel  81-5 
had  similar  impact  resistance.  The  T300/Avco  130B  had  the  lowest  impact  resistance. 
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4.  The  resistance  of  the  bismaieimide  composites  to  incipient  damage  was  similar  to  that  of  the 
lower  temperature  systems,  but  the  bismaleimides  were  more  easily  punctured. 

5.  The  use  of  fabric  composites  seems  to  result  in  smaller  damage  areas  than  those  of  tape  composite 
laminates. 

6.  Residual  strength  testing,  particularly  compression, ;  .ods  to  be  performed  in  conjunction  with 
instrumented-impact  testing  to  fully  assess  the  structural  significance  of  impact  damage  in 
composite  material  systems. 
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iC  Instrumented  Drop  Weight  System 
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Figure  2.  Instrumented  Impact  Test  Output 
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Figure  3.  250°F  Service  Materials  —  Impact  Force  Versus  Displacement 
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Service  Materials  —  Energy  Results 
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Figure  5.  250°F  Service  Materials  —  Force  Results 
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Figure  6.  250°F  Service  Materials  —  C-Scan  Results 
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Figure  7.  SBO^F  Service  Materials  —  Impact  Force  Versus  Displacement 
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Figure  8.  350°F  Service  Materials  —  Energy  Results 
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Figure  10.  305°F  Service  Materials  —  C-Scan  Results 
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APPENDIX  A 

Instrumented  Impact  Test  Data  Sheets 
and 

C'Scan  Results 
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6.865E-3 

37.79 

.9989 

Final  values 

fibber  bed  rnrrgy  (Ft-Lb)  Rbsorbed  energy  (ft- lb) 


NADC-85023-60 


NADC/ETI-B200  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


1/4/84 


2220-1  GR/EP  #2 


Drop  weight 
Tup  radius 
Temperature 
00 

K .  E . 


7.00Lb 
. 500 i n 
74.0  F 
9.52-ft/s 
9.86-ft-Lb 


Data  disk 
DRM  scale 
Flag  grid= 
abs<V-f) 
V+(calc)  = 


Load(Lb)  Time(s)  EO(Ft-Lb)  Disp(in) 


MAT00602 

. 8Kn/Di V 
. 040i n 
7.75ft/5 
-6. lOft/s 


989.  2 

3.595E-3 

9.  74 

.  3039 

Max i mum 

force 

888.4 

3. 995E-3 

10.04 

.  3078 

Max i mum 

energy 

888.4 

3. 995E-3 

10.04 

.  3078 

Max i mum 

di spl acement 

16.2 

7. 225E-3 

5.90 

.  1426 

Final  values 

RbTnrbrrJ  rncrrjy  (rt~Lb)  Rb;:orbrd  rnrrgy 


NADC-85023-60 


2220-1  GR/EP 

#2 


NADC-85023-60 


NALC/ET I-B200  DROP  TEST  FACILITY 


1/4/84 


INSTRUMENTED  IMPACT  TEST 


2220-1  GR/EP  #3 


Drop  weight 
Tup  radius 
Temperature 
VO 

K .  E . 


7.00Lb 
. 500 i n 
74.0  F 
6.  67-ft/5 
4. 83-ft-Lb 


Data  disk 
DRM  scale 
Flag  grid= 
abs(V-f)  = 
VT(calc)  = 


MAT00603 

. 4Kn/Di V 
. 040i n 
5.95-ft/s 
-4. 85f t/s 


Load(Lb)  Time(s)  EO(Ft-Lb)  Disp(in) 


658.2  3.525E-3  4.81 

634.0  3.915E-3  4.95 

634.0  3.915E-3  4.95 

7.2  7.435E-3  2.32 


X 


.2055  Maximum  -force 
.2081  Maximum  energy 
.2081  Maximum  displacement 
.0663  Final  values 


5  .<301? 


a  06 


V  J  ^ 

/  r 

/W 

.'f 


. 0  ^3 


Time  '-sac 


/j 

'/j! 


/  J  T 

,<  r/ 

/A  I  / 

.  -/J  ■■  / 


!/  / 


u.  0C-<i 


D  1  3  p- 1  ac  a  m  ant  '‘in  j 


1.000 


■  5 . 000 


•  .  ODO 


1.000 


A-22 


Rb^:nrbi*rJ  rncrcjv  (Ft'Lb)  Rb^orbrcl  rncrci 


NADC-85023-60 


NADC 'E  T  I-Bl'OO  DROP  TEST  FACILITY 


1  /4/84 


INSTRUMENTED  IMPACT  TEST 


4 

2220-1  GR/EP 

MAT00604 

.2Kn/Div 
. 040 i n 
4. 27Tt/s 
-3.54-ft/s 


Drop  weight 
Tup  radius 
Temperature 
VO 
t; .  E . 


=  7.00Lb 

=  .500in 

=  74.0  F 

=  4.69ft/s 

2. 40Tt-Lb 


Data  disk 
DRM  scale 
Flag  grid= 
abs<V-f) 

V-f  (calc)  = 


Load<Lb)  Time(s)  EC>(Ft-Lb)  Bisp(in) 


438.4 

3.'^45E-3 

2.43 

.  1 632 

Maximum  -force 

417.7 

4. 355E-3 

2.49 

.1651 

Maximum  energy 

417.7 

4. 355E-3 

2.49 

.1651 

Maximum  displacement 

218.5 

7. 805E-3 

1 . 07 

.  0699 

Final  values 

AbTorbcd  rntrgy  (Ft“Lh)  flbsarbird  rnrrgy  (ft- lb) 


I  I 

22  24 


Lb+'  ..  Fv  r  c  r:  .  |  Lb  I’  ' 


NADC-85023-60 


-m-b::'"’  bRL'f-  ii:=.i  PHCit.nv 

1  RUMEit-JTFD  iMrR::T  if.bt 


'>-1  GR.'EP  #6 

Drop  weight  =  7.C>0Lb  EMta  di  sE  MAT  r>'!'8('7 

Top  radius  =  .SO'uin  DRM  scale  ,2f,n/D3v 

Tii.rripor  ature  =  74.0  F  Flag  grid=  .'j40in 

V'O  =  3.92ft/s.  abe  (VF)  =  3.75Ft/s 

I.E.  =  1.67Ft-Lb  VF(calc)  =  -3,llFt/s 

LoadO.b)  T 1  nis- ■' E  )  Et'(Ft-Lb)  D'liipEin) 

Dbl.Z'  4.373E  — 3  1.75  .1367  All  nia;;  i  rriuni 

1.6  8.  325iE-3  .64  .0370  Final  values 


A  26 


MbTorbrd  mprav  '  Ft”Lh  '  HbTorbrd  rn 


NADC-85023-60 


2220-1  GR/EP 


0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30 


N  ADC-85023-60 


.■f  L'!-  r£h  r  FmCIl  J  Ft  :  '  i  £  t;  - 


INSTRUMENTED  IMPmET  TEST 


O-l  GR/EP  #7 


Ft  op  we] 

g  h  t  =  7 

.  OOLb 

Data  d 1 s F 

MATOl'./' 

Tlip  radius  =  .  Z 

OOl  n 

DRM  scale 

.  2t  r  L'l  \ 

Teniper  atur  e  =  74 

.  0  F 

Flag  qr)d= 

.  0'4i>i  n 

V'  ' 

3  7  F  t  /  s 

abs ( VF )  = 

3. 24 Ft  /s 

f  .E. 

=  1.2 

3Ft-Lb 

VF  (calc)  = 

-2. 77Ft/s 

Load  ‘  L  b 

)  T 1  me ' s 1 

EG (Ft- 

Lb  >  Di sp ( 1 n ) 

T'jl  .  1' 

4. 195E-3 

1 . 30 

.  1171 

Ma”  i  (TiLim  F or ce 

291 . 8 

4. 345E-3. 

1 . 30 

.  1172 

Ma;;  i  mum  ener  g y 

291 . 8 

4. 345E-3 

1 . 3'0 

.1172 

Ma::  i  murri  displacement 

3 . 6 

8. 185E-3 

.  42 

.  032 1 

Final  value  s 

A-28 


flb'nrbird  rnrrrjv  (Ft“Lb  '  flbTGrbrd  rnprcri 


NADC-85023-60 


Celion  high  strain/5245 


A-30 


NADC-85023-60 


NADC/ETI-aZOO  DROP  TEST  FACILITY  1/4/84 


INSTRUMENTED  IMPACT  TEST 

5245  GR/BMI  #1 

Drop  weight 

=  y.OOLb 

Data  disk 

MAT00605 

Tup  radius 

=  . 500i n 

DRM  scale 

.2Kn/Div 

Temperature 

=  74.0  F 

Flag  grid= 

. 040 i n 

VO 

=  4.76-ft/s 

abs<Vf) 

4. 50ft /s 

K .  E . 

2.46tt-Lb 

V-f<calc)  = 

-3. 79f t/s 

LDad(Lb)  Time(s)  EO(Ft-Lb)  Disp(in) 


1.0 

4.225E-3 

2.  55 

.  1723 

Maximum  force 

e- 

vJ  • 

4.405E-3 

2.57 

.  1727 

Maximum  energy 

ir 

4. 405E-3 

2.57 

.  1727 

Maximum  displacement 

3.6 

a. 325E-3 

.93 

.0494 

Final  values 

RbsorbrrJ  rncrgv  (Ft-Lb)  Rb^crbcd  pincrgy 


NADC-I 

5245 


NADC-85023-60 


NADC/ETI-B200  DROP  TEST  FACILITY  1/4/84 


INSTRUMENTED  IMPACT  TEST 

5245  GR/BMI  #2 

Drop  weight 

=  7.00Lb 

Data  disk 

MAT00606 

Tup  radius 

=  .500 in 

DRM  scale 

.4Kn/Di 

Temperature 

=  74.0  F 

Flag  grid= 

. 040i n 

VO 

=  6.67-ft/s 

abs(Vf)  = 

6. 06ft /s 

K.E. 

4. 83ft -Lb 

Vf (cal c )  = 

-5.02ft/s 

Load (Lb) 

T i me ( s) 

EO(Ft-Lb) 

Di sp (i n) 

672.6 

3.895E-3 

4.91 

.  2260 

Ma>:  i  mum 

force 

649.2 

4. 145E-3 

4.96 

.  2270 

Ma>;  i  mum 

energy 

649.2 

4. 145E-3 

4.96 

.  2270 

Ma>;  i  mum 

di spl acement 

7.2 

7.775E-3 

2.  13 

.  0754 

Final  values 

-Q 


.2BC-I  .3BC-I 


.  sea 


D  i  a  p*  1  sica  me-n't  <!  i  n  i 

A-34 


.  4eiB 


Absorbed  entrgy  (Ft-Lb)  flb^orbird  energy  (ft-lh) 


N  ADC-85023-60 


5245  GR/BMI 


#2 


A-35 


N  ADC-85023-60 

NADC/ETI-8200  DROP  TEST  FACILITY  1/4/84 


INSTRUMENTED  IMPACT  TEST 

1245  6R/BtiI  #3 

Drop  weight 

=  7 . OOLb 

Data  disk 

MAT00607 

Tup  radius 

=  . 500i n 

DRM  scale 

. 8Kn/Di V 

Temperature 

=  74.0  F 

Flag  grid= 

. 040i n 

VO 

=  9.52ft/s 

ab5(Vf)  = 

8.  13-ft/s 

K.E. 

9. 86f t-Lb 

V-f  (calc)  = 

-6.49-f  t/s 

LoacKLb)  Time(s)  EO(Ft-Lb)  Dispdn) 


1 034 .  1 

3.505E-3 

9.  94 

.  2853 

Maximum  force 

944.2 

3. 705E-3 

1 0 . 03 

.  2863 

Maximum  energy 

944.2 

3. 705E-3 

10.  03 

.  2863 

Maximum  displacement 

16.2 

6.945E-3 

5.34 

.  1086 

Final  values 

( Lb  +" r 0  r  c  c  ( Lb  -f  ' 


NADC-85023-60 


Ne»DC/ETI-8200  DROP  TEST  FACILITY  1/4/84 


INSTRUMENTED  IMPACT  TEST 


5245  GR/BMI  #4  f  ^ 

Drop  weight  =  31.36Lb  Data  disf:  MAT00608 

Tup  radius  =  .500in  DRM  scale  .BKn/Div 

Temperature  =  74.0  F  Flag  grid=  .040in 

VO  =  11.49-ft/s 

K.E.  =  64.34-ft-Lb  V-f  <calc)  =  7.74-ft/s 


Load(Lb)  Time(5)  EO(Ft-Lb)  Disp(iii) 


1237.3 

2. 225E-3 

12.21 

.  3009 

Ma;;  i  mum  -force 

64.7 

9. 445E-3 

3Z  •  Q5 

1.0271 

Ma::imum  energy 

64.7 

9. ^45E-3 

37 . 85 

1 . 027 1 

Maximum  displacement 

64.  7 

9. ^45E-3 

37.85 

1.0271 

Final  values 

flbTorbrd  rntrqy  (Ft~Lb.)  flb:;:Drbcd  rncrqv 


N  A  DC-85023-60 


5245  GR/BMI 


(In)  0  1  2  3  4  5  6 

(cm)  I — i — H-i — I — 1 — I — Hi — I — ^ — I — Hi — I — I 

0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30 


A-39 


N  A  DC-85023-60 


•  I  1  -  '3_'"  DP(JP  1  EbT  ]  L  I  T  V 


INSTPIJMENltD  !:-br 


:!1!  Ft 


h’  .  -!^  : 

u !  ■  t 

■  "''l  b 

E’c’ta  dist'  MAT'.i‘.'9'j2 

’  ■  ifj  r  .rd  1 

t.:S  = 

5'30:  n 

Df’.'M  scale  .2f  n/Div 

T  il  1 '  •  ^  r  ^ ! 

r  ti*  —  / 

4 .  O)  E 

Flag  grid=  .04'jin 

V'' 

.  BE-f  t/s 

abs'lVf)  =  3.70-ft/5 

^  ,E. 

=  1  . 

63-f  t-l.b 

V-f(calc)  =  -3.12Ft/E 

!  Ar-d  ‘1  b 

T  ]  c  ) 

EO'  'Ft- 

L.b  >  Di  5  p  '  i  n  > 

■;,  j  ;  _  9 

4. 3b" P-3 

1 . 70) 

.1446  Ma;:  1  frn,im  -force 

T  _  9 

4. 5?bP-3 

1 . 73 

.1451  Maximum  eriergy 

7 . 9 

4. 595E-3 

1 . 72 

.1451  Ma':i(T:Li(n  d i  E-p  1  aceinent 

1 . 4 

e.  f..i'5E-3 

.  .4 '3' 

.0411  Final  valLies 

i  0  .  0  T 


.  O'  -F 


liO' ,  c 


I  'tir.'i,  n 


i  au  □  4- 


,/ 

/  '-■’V 


// 
J  / 


\ 

X  '•s 

\ 


S, 


A 


M.D'jt-'  .  Q'Jf  .Oilj-I  .C'Ut. 

T  1  f.i «  i  ^  >3  c  ’ 


0'»4b 


-r-  3  .  C-lQOt 

--  I  .aao-1 

--  l  .2(J0 

--  .QCjn 

--  .-ana 

-  -  a  -  citsn 
01 1  B 


S  BP  .  O’  -r 


4  130-'.  0:'  -f- 


4Bn,  n  -0 


, n0 ,  n 


.  UJ  □  f 


u  □  -t  — ~ 

0-’  □  •>_■' 


/ 

/ 


H— 


4- 


'  0  ‘  j  •  O  M  •  1  Z! 

D  1  3  p-  1  ?i. *3  Til  e  n  i  •'  i  n  J 

A-40 


.  jac 


-r  3  .  PQP 


I  .6  OP 


■+  1.300 


+  .0  00 


+  .  4  na 


□  .  cioa 
tO-’Q 


flb'orbrd  rntra,'  (Ft-Lh  '  Hb^orbird  pnrrr,v  '.'ft“ih  ' 


NADC-85023-60 


j  ■  L'r:ur  TEST  FACIlIT  t 


INSTRUMENTED  IMPACT  TEST 


SR/BMI  #7 

Drop  weight 
T  Lip  r  ad  i  lie 
Temper- at  nr  e 
Vli 

}  .E. 


7. OOLb 
.  500 1  n 
74.0  F 
3.  12-f  t/B 
1 . 05-f  t-Lb 


E>ata  diel. 
DF;M  seal  e 
Flag  grid= 
abs  ( V-f  )  = 

V-f<calc)  = 


MATO 1005 

. 2Kn/Di V 
. 04 Oi n 
3. OOf t/B 
-2, 43-f  t  /s 


Load  (Lb)  Tinie(B)  Et)(Ft-Lb)  Diepdri) 


26(:'.  3 

4. 785E-3 

1.13 

.  1 240 

Ma>;  i  mLim 

■f  orce 

251.3 

4. 895E-3 

1.13 

.1241 

Ma;;  i  mLim 

energy 

251  .  B 

4. S95E-3 

1.13 

.1241 

Ma>;  i  mum 

di  Bpl acement 

4.0 

9. 135E-3 

.41 

.  0383 

Final  v 

al  Lies 

N  ADC-85023-60 


IM6/5245C 


A-44 


NADC-85023-60 


GR/BMI  5245C 


CONTROL 


(,„)  0  1  2  3  4  5  6 

(cm)  ' — ' — ^ — ' — ' — ' — ' — I — r-S — I — I 

0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30 


A-45 


NADC-85023-60 


NmDC  /ET  1-82' DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


4/26/B4 


8R-RMI  524  SC  4t  1 


Drop 

v*jei 

The 

7 

1 ■ 36Lb 

Dat 

a  di 

Ek 

MAT  0 

HOB 

T  Lip 

r 

adi 

US 

= 

• 

5001  n 

DRN 

seal 

e 

• 

8Kn/Di 

T  emp 

er  at 

ur  e 

= 

7 

4.0  F 

Flag 

gr  1 

d  = 

.04 

01  n 

VC) 

1 1 

.  49-ft  ./E 

1.  .  E. 

=: 

64. 

34-f  t-Lb 

V-f  ic 

ale) 

= 

5.  9 

7-f  t/E 

Lo? 

d 

V  Lb 

)  Ti 

me 

C  i 

EO(Ft-Lb 

)  Di 

n 

a 

U'i 

n  * 

1  30 

9 

.  3 

1 . 9S5E 

—3 

11.14 

26=2 

Ma., 

1 

niLim 

+  or  ce 

12 

T* 

”7 

1 . 7 

35E 

— L 

5j  .  Oo 

1 . 

5ool 

Ma,'; 

1 

mum 

eriE-r  c 

12 

7 

T 

1 . 7 

35E 

51  ,  Ot 

1 . 

5661 

Ma-: 

1 

fiium 

d  1  E  p  i  a 

12 

7 

*7 

1 . 7 

35E 

—  3 

5 1  . 

1  , 

56o  1 

Fin 

a 

1  v  a 

1  Lies 

I'OfQC-  -|- 
I 

i 


IcCn  4 


loan-. 


dOD  -f 


j  A'\ 

/■  \a 


N  / 


C  -f— ^ 
M  .  0 


.  D‘3-1 


.  C-'Qra 
T  1  111  e 


.  l . 
I  3  a  r  ' 


i  D*j ,  O' 


-t-  ti’,  ,  I? 


PC,  O 


-1-  ■=,(?, 


zc,  c 


c.  c. 


.  D  '  L! 


L'.-’DC-  -r 


j-aa*:- 


so  4 


'  R  "  4- 


■a  DC* 


c  -- 


—  [  Ml’-!  1-1 


A. 

I  I 


A{i> 

\  y 


/ 


^  n  r 


-r  i  L’  r 


•  •  j  T:  ‘j"  »  •  w  c.  *. 

r  ’  •:  •=  T '  ^ 


I 

r 

t 


A46 


rn  1  '  F  *; -Lh  '  -- ,4, r J  p,  p  r  n  »■  '  f  ~  1  h  ' 


NADC-85023-60 

NADC/ETI-8200  DROP  TEST  FACILITY  4/26/84 

INSTRUMENTED  IMPACT  TEST 


GR/BMI  5245C  #2 

Drop  weight.  =  7.00Lb  Data  disk  MATOl  106 

Tup  radius  =  .5'OOin  DF;N  scale  .8Kn/Div 

Temperature  =  74.0  F  Flag  grid=  .040in 

VO  =  8.13ft/s  abs(Vf)  =  7.09-Ft/s 

K.E.  =  7.13-ft-Lb  V-f(calc)  =  -5.35-ft/s 


Load(Lb)  Time(s)  EO(Ft-Lb)  Dieptin) 


4B2. 0 

1 . 685E -3 

2.59 

.  1558 

Initial 

damage 

848.  9 

3. 245E-3 

6.96 

.  2390 

Ma;;  i  mum 

force 

832.7 

3. 725E-3 

7 . 33 

.2442 

Ma;-:  i  mum 

energy 

832.  7 

3. 72SE-3 

.2442 

Ma;-;  i  mum 

di Epl acement 

14.4 

6.e55E-3 

4.  14 

.  1042 

Final  values 

NADC-85023-60 


'tf  f  ] -Bl''-*'.''  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


A /2t?/ BA 


GP'E'M]  5C45C  #3A 

L'f'  op  we]  ght 
T Lip  r ad  1  lie 
T  emperatLire 

W.', 

f  .E. 


7 . OOLb 
, 500] n 
74.0  F 
7. 5B-f  t/s 
6.  24-ft-Lb 


Data  disk 
DF;M  scale 
Flag  grid= 
ebs (VF> 
Vficalc)  = 


MATOl 105 

.  4F.n/Di  y 
. 04 Oi n 
6. 94+t/E 
-5.54-ft/s 


.oad  Lti 


!  1  me 


EC'  ( F t  —Lb  >  Di  sp  ■  1  n  ; 


e  ]  .  4 
774.2 
■^■^4.2 
8.  1 


!  y  □  O 


605E- 
■ . 755E- 
755E- 
'.  125E- 


6.34 
6.37 
6 . 37 
2.  94 


6  0'. 


.2314  Ma-iiniLim  -force 
.2318  Ma>;  1  fTiLim  energy 
.2318  Ma-;  1  (TiLifTi  displacement 
.0743  Final  val  Lies 


5  6 . 6 


I  ac  ^ 


r  -t-~ - 


2  .  D 


c;  c 


O .  V. 


- 


T  1  r.^  i  G  c 


.  Dlb 


I 


Jim. 


^  .  »3 


Fj  .  C’ 


I  •=!  .  n 

I 

2  C 


r 


A-50 


'  ^  -1  -J  u  •«  p  ^  1-1  -i  ill  H  ~] _ 3  j  u  ^  p  ^  i.|  j  u  3..  j 


NADC-85023-60 

GR/BMI  5245C 


NADC-85023-60 


NhDC 'ET  I -e2';'0  PF'.Df--  TEST  FACILITY  4/26^84 


INSTRUMENTED  IMPACT  TEST 


GR^'EMl  S2'4rC  «4 


Drop  wei  gt"!! 

=  7 .  (jOLb 

Data  disT 

MATOl 102 

Tup  radius. 

=  .  5'j'ji  n 

DRM  scale 

,  2Kn./Di  V 

Teniperature 

=  74.0  F 

Flag  grid= 

, 04 Oi n 

V'  • 

=  5.29Ft/s 

abB(VF) 

4. 76Ft/E 

t  .E. 

3. 04 -ft -Lb 

V-f  <calc  >  = 

-3. 76-f  t  /s 

Lo5-.d‘;LP'  Ti 

meiS;.'  E'-'iFt 

— Lt  '  Ea  sp  ( 1  n  ' 

3  13'.  8 

215E-3 

2 . 9‘0 

.  1 5c  i 

Ma; 

1  muni 

Force 

Tpc-.  4 

S'’SE-3 

3.14 

.1619 

M?' 

1  mum 

energv 

Ar'^.  4 

B^5E-3 

3.14 

.  1619 

Ma; 

1  mum 

di Epl acement 

4 . 0 

7 . 

375E-3 

1 . 54 

.  0537 

P  3  n  c< 

1  Lies 

1  A 


0  G-i'  4 


6[V.’  4 


U 


•=inc' 


I 

T 


T  'v 


-r  5  ,  tJQC-i 


-T-  *n  •  Kr*  tj ' 


+  3  .oac. 


:int:  -f- 


I  . 
I  i 

•  J 
J 


.  OC'? 


H-  ■  .  DDU 


a  4-^ — 


0‘>2 


0'3^ 


T  1  ii":  «  '  *3  L  ■' 


-1 - 

,  >H3Ei 


□  .  cinc 
DID 
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ff-Lh'  Hb'nrbcd  rnTrn, 


GR/BMI 


NADC-85023-60 


NADC/ETI-8200  DROP  TEST  FACILITY 


4/26/84 


INSTRUMENTED  IMPACT  TEST 


GR/BMI  5245C  #5 


E>rop  weight 
Tup  radius 
T  emperatur  e 
VO 

K .  E , 


7.00Lb 
.  500 1  n 
74.0  F 
3 . 92f  t / s 
1.67-Ft-Lb 


Data  disE 
DRM  scale 
Flag  grid= 
absCVt)  = 
V-f(calc>  = 


MATO 1008 

. 2Kn/Di V 
.  040  i  n 
3. 66ft/s 
-3. lOf t/s 


Load (Lb)  Time(s)  E0(Ft— Lb)  Disp(in) 


372.3 

3.685E-3 

1.71 

.  1246 

Ma;:i(num  tor'ce 

362.4 

4. 035E-3 

1 . 74 

.  1258 

Ma;;imum  energy 

362.  4 

4. 035E-3 

1 . 74 

.  1 258 

Maximum  displacement 

3.6 

7. 665E-3 

.  64 

.  0347 

Final  values 

5  0u. M  T 


4  0*3 .  ‘c’ 


3  on  .  n  4- 


,  on .  n  4- 


l  QQ  □ 


f 

'^1  /  / 
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a/  J 
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.1  '  y'  / 


n  □  -f-— 
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4- 
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D  i  3  P'  1  ac  a  rnent  •'  i  n  ) 
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L  .lani? 


+  t .5B0 


.0  00 


.  ■=(  uu 


□ .  Doa 


.  EtiD 


Hbicrbird  rntrciv  (Ft-Lb’'  flbsarbrd  rntrqy  (ft~lh) 


N  ADC-85023-60 

.L'L  - ET  I-8I' "  ■  DROF  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


4/26/64 


_mS':  «6 


E'rop  weight  =  7. /'/'Lb  Data  disk 

Tl'P  •'adiL'E  =  .  St'F'i  n  DR'M  scale 

lerTip€/r  attire  =  74.  t)  F  Flag  qrid  = 

'  =  C.r.S-ft  'E 

i.E.  =  1.22tt-Lb  V-f'caic.'  = 


Date!  disk 
DR'M  scale 
Flag  qrid= 


MATO 1006 

.  2k:n/Di  v 
. 040i n 

-2. 50 -ft/ E 


.h  T  1  fit 


E-iFt-Lb'  Di' 


1 . 22 

.  1 1  r./' 

Ma'  1  mtifTi 

orce 

^  • 

^  r-  -  c 

1 . 2- 

,  115^ 

M£‘;;  1  iTiun 

ene‘'q  V 

^  L  -  . 

. 

rrrc-E 

1 . 2R 

.  1  1  5<^ 

Ma;.  1  muM; 

displacement  •• 

*4 

Z>''' ^ ^  ^3 

C“_  — 

.  0572 

F 1  ria  1  V 

a]  Lies 

a  .03 '3 


1.330 


.‘31  .'3g' 

T  1  r  I  r  ■ 


— !-  c  .  one 
•  DID 


:  Qt  .  O  4- 


3  3':  0  7 


/.y 

A/'' 


-  a  .oot 


7-  l  .  DO 


L  ,„!■ 


7-  .E  3^ 


r  P  -  — 
C' .  uC-*> 


::  p  •  •:  e  w.  ? 
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NADC-85023-60 


NADC/ETI-B200  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


6/21/84 


GR/BMI  #7 


Drop  weight 
Tup  radius 
Temperature 
VO 
t: .  E . 


7 . OOLb 
. 500 i n 
74.0  F 
6.67-ft/s 
4. a3f t-Lb 


Data  disk 
DRM  scale 
Flag  grid= 
abs(V-f)  = 
V-f(calc)  = 


MATO 1 204 

. 4Kn/Di V 
. 040i n 
5. B5tt/s 
-4. 85tt/s 


Load (Lb)  Time(E)  EO(Ft-Lb)  Disp(in) 


519.8 

2. 195E-3 

2.82 

.1581 

Initial  damage 

68':)..  7 

3.  525E-3 

4.88 

.2010 

Ma;;imum  force 

(b67. 2 

3. 775E-3 

4.95 

«  2‘-'>22 

Maximum  energy 

667.2 

3. 775E-3 

4 . 95 

.  2022 

Ma.  imum  displacement 

8.  1 

7. 205E-3 

2.31 

.  0635 

Final  values 
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'■1  BO  -{■ 


- s 


\ 


\ 


Ho'v 

r 


f\ 

t 


fi 
// 
rv^I'y 
I  / 

l'*/ 


n 

M  ,  ):i  l  .tt  I 


\ 


s 

V 


.  LUOr 


.1JD1  .rii;ir^ 

T  i  rn  e  I  3  e  r  f 


-r5  .000 


-I-  •=i  ,  000 


3  .000 


;c .  ncci 


I  .aaa 


n .  cinm 
010 


)  00 0  -r 


i3Qr-i  4 


0  00  -f 


•IBO  + 
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D  1  ::  P'  1  ace  rn  e  r  1 1  '(  i  n  ) 

A-58 


.  400 


-r  5  .000 


■4 . 000 


+  3 .000 


+  7 .000 


4  I  .□□□ 


a .  Eidta 


,  &0n 


Hbsorbird  cnrrqy  (Ft-Lh)  hbrorbcd  rncray  (ft-lb) 


-59 


NADC-85023-60 


NADC/ETI-8200  DROP  TEST  FACILITY 


INSTRUMENTED  IMPACT  TEST 


SR/BMI  #8 


Drop  weight 
Tup  radius 
Temperature 
VO 

K.E. 


=  7.00Lb 

=  . 5001 n 

=  74.0  F 

=  6.  80-f  t/s 

5. 03-f  t-Lb 


Data  disk 
DRM  scale 
Flag  grid= 
abs(V-f)  = 
VF<calc)  = 


MATO 1205 
. 4Kn/Di V 
. 040i n 
5.95ft/s 
-4.73Ft/s 


6/21/84 


Load (Lb)  Time(s)  EO(Ft-Lb)  Disp<in) 


500.  0 

2.035E-3 

2.73 

.  1 509 

Initial  damage 

689.7 

3.275E-3 

4.94 

.  1975 

Maximum  force 

666 . 3 

3. 725E-3 

5.  15 

.  20 1 2 

Maximum  energy 

666 .  3 

3.725E-3 

5.  15 

.2012 

Maximum  displacement 

7.2 

7.015E-3 

2.64 

.  0723 

Final  values 

A-60 


9 . 0 

6  .  O 

4 . 0 

a  Q 

□  □ 


Rb^orbed  energy  (Ft-Lb)  flbiarbed  energy  (ft-Ib) 


N  ADC-85023-60 


NADC-85023-60 

N-'iDC/ETI-B200  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


6/2 


OR  / PM  I  4i9 


Drop  weight 

=  7.00Lb 

Data  disk 

MAT  01 206 

Tup  radiuE 

=  .500 in 

DRM  EC ale 

. 4Kn /Di V 

Temperature 

=  74.0  F 

Flag  grid= 

,  04 Oi n 

VO) 

=  4 . 63-f  t  /  e 

abE(V-f)  = 

4. 22tt/£ 

II 

ui 

■ 

2.33-ft-Lb 

V-fOcaic)  = 

-3. 56+t /e 

Load 'Lb : 

1  T i me  <  e ) 

EO(Ft-Lb> 

Di 

£  p  ( I  n 

) 

453.  2 

,  2 .  39 

1  406 

Ma: 

.  1  fTium 

-force 

437. 

3. S55E-3 

2,41 

1415 

Ma; 

:  1  mun- 

energy 

437.9 

3. S55E-3 

2.41 

• 

1415 

Ma; 

1  i  fT:Lim 

d  1  sp  1  ai 

S.  1 

7. 3S5E-3 

QT 
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N  A  DC-85023-60 


GR/BMI  5245C 
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2 


NADC-85023-60 


6/21 /B4 


NhDC/ETI-B200  drop  TEST  FACILITY 


INETRUMENTED  IMPACT  TEST 


GP/BM]  +ilO 


E'r'op  wcriqht  =  7 .  C''-'Lb 

Data  disFi 

MATO 1207 

Tup  radi  u 

5  =  .SOOin 

DR'M  scale 

.  4F-n/Di 

Temp er' at ui" e-  =  74,'.)  F- 

Flaa  grid= 

.  04 Oi n 

VE 

=  4.63-ft'E 

Ct  (  V  "f  )  “ 

^  -f  -r  /  d 

f  -  E  . 

=  2.23-ft-Lb 

V-f  (cal  c  )  = 

—  3  ■  3'2-f  t  /  ^ 

Load ( Lb  > 

Time  (5.)  EO(Ft-Lb 

>  Dis,p(in) 

44'^ .  6 

2.745E-2.  2.2'=' 

-  1-^72 

Ma 

>.  1  iTi'.in  ■fD‘'ce 

422.5 

4,025E-2  2.42 

.  i4&l 

Me. 

;::iiTjU!Ti  erierqv' 

422.5 

4.C‘25E-2.  2.42 

.  1481 

Ma 

'.imum  displa 

7 . 2 

“.615E-3  1.01 

Fi 

na]  values 

NADC-85023-60 


T300/81-5 


NADC-85023-60 


8 1  -5  GR/BMI 

#12 


0  1  2  3  4  5  6 

(cm)  I ' ' ' ' ' ' ' ' * 

'  0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30 


A-67 


NADC-85023-60 


NADC/ETI-B200  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


1/17/84 


Bl-5  6R/BMI  #1 


Drop  weight 

=  31.36Lb 

Data  dist. 

MAT00702 

Tup  radius 

=  . 500 i n 

DRM  scale 

. 4Kn/Di V 

T  emperat  ure 

=  74 . 0  F 

Flag  grid= 

.  040i  n 

K'O 

=  11. 30-f  t  /  5 

t.  E. 

62.  17-ft-Lb 

Vf (cal c )  = 

9.  53-ft/s 

LDad(Lb)  Time(5)  E(-'>(Ft- 

Lb  )  Di  sp  ( i  n  ) 

643.9 

2. 147E-3 

8.  63 

.  2853 

Ma;:imum  -force 

37.8 

8. 378E-3 

20.58 

1.0191 

Ma>:imum  energy 

37.8 

8.3788-3 

20.58 

1 .0191 

Na;;imum  displacement 

37.8 

8. 378E-3 

20.  58 

1.0191 

Final  values 

flbrnrbrrj  rnrrgy  'Ft-Lh''  RbTnrbr';l  rncrrr.'  'Ft-lb) 


MICROCOPY  RESOLUTION  TEST  CHART 

NATWNAL  BUREAU  Of  STANDARDS-1963-A 


NAOC-85023-60 


NADC/ETI-8200  DROP  TEBT_FACILITY  _ _ 


1/17/84 


1-5  GR/BMl  #2 

Drop  weight 
Tup  radius 
Temperature 
VO 

K.E. 


7.00Lb 


9.52tt/s 

9.86tt-Lb 


Data  disk 


V-f<calc>  = 


MAT00704 
^.4l?;n/Div 
•  .  040 1  n 

-3.  1 1-ft/s 


Load  (Lb)  Time(s)  EO(Ft-Lb)  Disp(in) 


419.9 
597.  1 
362.4 
362.4 
31 . 5 


1 . 393E-3 
2.678E-3 
5.223E-3 
5. 223E-3 
8. 838E-3 


2.56 

7.01 

10.05 

10.05 

8.95 


.  15c'0  Initial  damage 
.2582  Maximum  -force 
.3357  Maximum  energy 
.3357  Maximum  displacement 
.2466  Final  values 


A-70 


ftbsorbfd  entrgy  (Ft-Lb)  Absorbed  energy  (ft~lb) 


NADC-85023-60 


81-5  GR/BMI 

^2 


NADC-85023-60 


NADC/ETI-B200  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


1/17/84 


GR/BMI  #3 

Drop  weight 
Tup  radius 
Temperature 
VO 

K.E. 


7 . OOLb 
. 500 i n 
74.0  F 
6.  80-f  t/s 
5.03-ft-Lb 


Data  disk 
DF;M  scale 
Flag  grid= 
abs(Vt)  = 
V-f(calc>  = 


MAT00706 

. 4Kn/Di V 
. 04 Oi n 
5.25-ft/s 
-4. lOft/s 


LDad(Lb)  Time(s)  E0<Ft-Lb)  Disp(in) 


398.4 

1.613E-3 

1.89 

.  1234 

Initial 

damage 

584.5 

3.40aE-3 

4.85 

.  2027 

Ma;:  i  mum 

■force 

524 . 3 

4.073E-3 

5.  15 

.  2092 

Max i mum 

energy 

524.3 

4.073E-3 

5.  15 

.  2092 

Max i mum 

di spl acement 

B.  1 

7.798E-3 

3.25 

.  0798 

Final  values 

AjVwiV'. 
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AbTorbctH  mcrgy  'Ft“Lb)  AbTorbcrJ  rncrgy  (ft-lb) 
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5 


NADC-85023-60 


NADC/ETI-8200  DROP  TEST  FAOILITY 


2/16/84 


INSTRUMENTED  IMPACT  TEST 


GR/BMI  #5 

Drop  weight  = 

7. 

OOLb 

Data  disk 

MAT  00805 

Tup  radius  = 

.  50' 

'Oi  n 

DRM  scale 

.  2Kn/Di V 

Temper-ature  = 

74. 

0  F 

Flag  grid= 

. 040 1 n 

VO 

4.6 

i3f  t/B 

K .  E . 

2.  33 

f  t-Lb 

Vf(calc)  = 

—3 . 

OB-f  t/s 

Load (Lb)  Time<s) 

EO(Ft-! 

Lb  )  Di  sp  ( 1  n  ) 

344.0  2.49BE 

_3 

1.54 

.  1 220 

Initial 

damage 

392.1  3.213E 

— .T, 

2.07 

.1417 

Ma>;  1  muni 

■force 

344.0  4.318E 

-3 

.  1 533 

Ma>;  1  mum 

energy 

344.0  4.31SE 

-3 

.  1 533 

Ma>:  i  mum 

di spl acement 

A.V  8.14TE-3  1.33  .0570  Final  values 


'.(jjjui  fjiqjuiqy  ,  qq-itj  i  ..vtij 


NAOC-85023-60 


NADC/ETI-8200  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


2/17/84 


81-5  GR/BMI  #7 

Drop  weight 
Tup  radius 
Temperature 
VO 

K.E. 


7.00Lb 
. 500 i n 
74.0  F 
3.8aft/s 
l.63tt-Lb 


Data  disk 
DRM  scale 
Flag  grid= 
abs(V-f)  = 
Vt<calc)  = 


MAT00808 

. 2Kn/Di V 
. 040i n 
3.09tt/s 
-2.57+t/5 


Load  (Lb)  Time(s)  EO(Ft-Lb)  Dispdn) 


231.8 

2.945E-3 

1.03 

.  1216 

Initial 

damage 

273.9 

4.965E-3 

1.71 

.  1571 

Ma>:  i  mum 

■force 

255.  0 

5.265E-3 

1 . 72 

.  1577 

Ma;-:  i  mum 

energy 

255.0 

5.265E-3 

1 . 72 

.  1577 

Max i mum 

di spl acement 

1 . 3 

1 . 033E-2 

.94 

.  0455 

Final  values 

5  B*--' .  I?  -r 


_  ■<  Q  .  0  4- 


'3  00.  O  4- 
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i2’3ao.o  + 


t  DO  □  + 
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□  □  y - ^ - 

0  .  Qt»3  . 


-4 - - (-- - 

.006 
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.  0 1  £. 


T  3 . 0B0 


+  I .600 


1.200 


+  .6  00 


+  .400 


' □ . □□□ 
.  B?B 


I 


A-78 


Mb^:orbrrJ  rntrgy  (Ft-Lb)  Rb^orbcH  pncrov  (ft“lb) 


NADC-85023-60 


NADC/ETI-B200  DROP  TECT  FACILITY  2/ 16/84 


INSTRUMENTED  IMPACT  TEST 


Bl-5  GR/BMI  #11 

Drop  weight  =  7.00Lb  Data  disk  MAT00806 

Top  radius  =  .SOOin  DRM  scale  .2Kn/Div 

Temperature  =  74,0  F  Flag  grid=  ,040in 

Vu  =  3.27-ft/s 

I  .E.  =  1.16+t-Lb  V-f<calc)  =  -2.56-ft/5 


Load (Lb)  Time(s)  EO(Ft-Lb)  Disp(in) 


2EI7.  8 

4. 033E-3 

1 

.21 

.  1  1 33 

Ma::ifnLim  -force 

233.  o 

4. 378E-3 

1 

.1142 

Maximum  energy 

283.  6 

4. 378E-3 

1 

.1142 

Ma;;imLim  displacement 

1 . 6 

8. 088E-3 

.  47 

.  0380 

Final  values 

U .  B  rti  .  .O'D'T'  b  .BID 


T  1  1  11  e  I  3  a  c 


RbrorbrH  '■nrrn.'  'Ft^Lb  '  Rb’rorbrrJ  rnrrru-  ' 


81-5 


NADC-85023-60 


T-300/V378A  Cloth 


A-82 


NADC-85023-60 


NADC /E n  -8200  DEOP  TEST  FACILITV 

INSTRUMENTED  IMPACT  TEST 


2/5/B4 


T300/V37BA  #1 


Drop  weight 
Tup  radius 
Temperatut  e 
VO 

y .  E . 


=  31 . 36Lb 

-  O.OOOin 
74.0  F 
=  ll,49ft/s 
64. 34  Ft -Lb 


Data  disi 
DRM  scale 
Flag  grid= 


MAT  00907 

.  Bf  n  /Di  V 
. 040 I n 


VF  <cal c )  = 


8. 77Ft/s 


oad(Lb)  Tamefs) 

EO (Ft-Lb) 

Di sp  ( i n 

B8B.4  1.585E-3 

8 . 06 

.2163 

Ma>'  1  mum 

F  or  ce 

62.9  6.815E-3 

29.  OO 

.  8095 

Ma;:  i  mum 

energy 

62.9  6.B15E-3 

29 .  00 

.  B095 

Ma':  1  mum 

di spl acement 

62.9  6.815E-3 

29.  OO 

.  B095 

Final  values 

JttQei 


T  50,6 


6  00  -F 


ll'  •='0'^ 


■na  + 


jV 


r 


+  4 


AA. 


•V 


+  30.0 


>1 


vy 


V 


o 

6.  oef 


-+- 


,  002 


.  60^  .  OOt- 

T  i  rii  €■  •  3  e  c  i 


+  S0. 0 


]□  □ 


,  •'■•-ft* 


.010 


fibTcrbrrl  rnrrriy  ‘Ft-Lb'  flbTorbi-rJ  rncrgy  (ft  lb' 


NADC-85023-60 


NADC:/ETI-8200  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


3/5/84 


T300/V37BA  #2 

MAT00906 

. 8Kn/Di V 
. 040i n 
5.95-ft/s 
-4. 44ft/s 

Load (Lb)  Time(s)  EO(Ft-Lb)  Disp(in) 


Drop  weight 
Tup  radius 
T  emperature 
VO 
)• . .  E . 


=  y.OOLb 
=  .500  in 

=  74.0  F 

=  9.52ft/E 

9.  86-ft-Lb 


Data  disk 
DF;M  scale 
Flag  grid= 
abs(Vf)  = 
Vf(calc)  = 


523.4 

1 . 105E-3 

2.46 

.  1224 

Initial  damage 

787.7 

2. 105E-3 

6 . 82 

.  2062 

Majiimum  -force 

^j60 . 

3. B35E-3 

1 0 . 0 1 

.2610 

Ma;-:  i  mum  energy 

660.0 

3. 835E-3 

lO.  01 

.2610 

Maximum  displacement 

14.4 

7. 055E-3 

7 .  BO 

.  1420 

Final  values 

T  1  rn  e  l  s  a  C;  ’ 


A-85 


Hbyorbcd  rnrrgy  (Ft-Lta  '  RbTnrbrd  rnrrn*'  '  ft“lb  ' 


NADC-85023-60 


NmDC  LTI-B20.  D'-.t  TEST  FACILITY  '/ 


INSTRUMENTED  IMPACT  TEST 

T300/V378A  #3 

Dr  op  v^fcight 

=  y.OOLb 

Data  disk 

MAT 00905 

Tup  radius 

=  .500 in 

DRM  scale 

.  4  K  n  /  D 1  V 

Temperature 

=  74.0  F 

Flag  grid= 

. 040 i n 

VO 

=  6.67-ft/s 

abs(Vf) 

5. 56f  t /s 

II 

ui 

• 

4.83-ft-Lb 

V-f<calc)  = 

-4.59-ft/s 

Load  fLb 

)  T 1  me ( s ) 

EO(Ft-Lb) 

Di  sp (in) 

516.2 

1 . 565E-3 

2.  15 

.1162 

Initial 

dcifTicigB 

649.2 

3.  385E-3 

4.92 

.  1778 

Ma;-:  i  mum 

•f  or  c  e 

^35.  0 

3.  505E-3 

4.93 

.  1 780 

Max i mum 

ener  gy 

635.8 

3.  505E-3 

4.93- 

.  1780 

Max i mum 

di spl acement 

7.2 

6. 755E-3 

2.58 

.  0551 

Final  v  a 

1  Lies 

NADC-85023-60 


T300/V378A 

#3 


A-88 


F 0  r  c  c  '  Lh  +’ F 0  r  c  c  i  Lb  +’ 


NADC-85023-60 


Li^GP  TEST  FACILITY 

INEiTRUMEINTED  IMPACT  TEGT 


T300/V37BA  #4 

Drop  vjfe']  ght 
T  LI  p  r  a  d  ]  L’ s 
Temperc-Htur  e 
VO 
f:.E. 


7. OOLb 
. 500i n 
74.0  F 
4.  B3-f  t  /  B 
?.54-ft-Lb 


Data  disE-: 
DRM  scale 
Flag  grid= 
abs  C  V-f  )  = 

V-f(calc)  = 


MAT 0090 4 

.  2E:n  /  Di  v 
. 04 Oi n 
4,  12-ft/s 
-3.  36-f  t/s 


Load  (Lb)  T 1  rri*?  (  E  )  EO(Ft— Lb>  Dieptin) 


473. 0 

2 . 705E— 3 

2.  29 

.  1 235 

Initial 

d  c«  i7i  Cl  g  e 

521 . 1 

3. 025E-3 

2.  49 

.  1288 

Ma;:  i  mum 

•force 

423.  1 

3. 555E-3 

2.61 

.  1  323 

Mai:  i  mum 

energy 

423.  1 

3.555E-3 

2.61 

.  1  323 

Ma;;  i  mum 

di spl ac ement 

4.0 

6. 905E-3 

1 . 33 

.  0403 

Final  val  i.ies 

•  5  •  •'3D>3 


1 .030 


ly 

^  fj.y 


Q  4--— 
O .  B 


— (-  □  -  □□□ 
.BIB 


Time  (  s  a  c 


y 


■  5  .  OBC-i 


■  4  .  c-iQia 


3  .CiQn 


■3 .ono 


>  -•'  .* 


ta  f 
O .  Bii*}' 


.tiE'0  .  1  £0 

D  i  3  p>  1  ac  a  m  a  n  1  •'  i  ri  ) 


— h □ . □□□ 
.  £00 


040 


.  lao 


f  t  “  I  h  ' 


Lb+’  rp  r  r  .1  Lb+' 


NADC-85023-60 


rjHL"  7£S!  ^'hLjLITV 


INSTRUMENTED  IMRhCT  TEST 


T300/u:.7Bh  i'  ^ 

MAT  00908 

. 2r  n  /Di V 
.  (T40i  n 
3.  BS-f  t/E 
-3.  1 3+  t/s 

Load  (Lb)  Ti(’ie(s.'  E'3(Ft-Lb)  E<iEp(in) 


Drop  weight 
Tup  raijiuE 
Temper  at  Lire 
90 

^  .E. 


7 .  C>C)Lb 
.  50'ji  n 
74.0  F 
4. 02-f  t/E 
1 . 75-f  t-Lb 


Data  died: 
DF;M  EC  ale 
FI ag  gr i d= 
abE(V-f) 
V-f(calc)  = 


411.0 

3.  105E-3 

1.71 

.  1131 

Ma;:  i  mum 

■force 

402. 0 

3. 665E-3 

1.82 

.1165 

Ma" 1 murni 

ener  g v 

402 .  t) 

3. 665E-3 

1 . 82 

-  1  165 

Ma;-:  i  rrium 

d  1  Ep  1  acerrien  t 

3.  1 

6. 785E-3 

.71 

.0391 

Final  V  a  ]  Li  e  E 

NADC-85023-60 


T300/V378A 

#5 


V  y 


H »; 


i..  '  ' ; 

.  .H  .  _  .I  '  .  *- 


V 


•  H.: 


»  sf'  'id' i  i' *■■■'  " 

{  ■  I  '  ;t  '  ■  *  *• ;  ■ ,  ■ 

t  ir  ‘r  -  '  ■''  V  ■■ 

*  .;| .  .  ’r,  ■■  J.  -  •■'V  «  ■ 

i  '  f  <‘h  '  }■■'  '  • 

U'"" 


?  >». 

f  r 

r  lr» 

i  '  : r’  '  M 

,,»■ 


1 

1  ^ !'. 

v-y 

1. ..  ■ 


£'F  yy: 

M  '  ‘i’  •  •'  V*  ■' 

■f 

■  -f  - 


•  .  »  i 

i'  f . ' 


.t-1  f' 


'.v: 


r  I' 
*'< 

i 


,f  »  • 


^'1  v‘  ■  ‘J'j  '■  '■ '  ’•  •  •  i'  ' 

,  '**  f  \*  '"  *  •*'  *  )  '  '•■  *'  ■  ’  ' 

}  <  •.  .  r  t  *  lr.‘.  .;f  (.■■'■.  '  •  V-.'  .  . 

'■'  I"'  t-'i " 'r  '  ■'■ 

V  *  **  <  i  •  v'  ■'••■  •‘  ■  ■'  ‘•■•-  ■•  ^  ■' 

■;  y  Ktp  J 

s|;.. 

■;  y ^ '  y i-  y-  i 

4 'i  *  '•'••' 

■! .  ‘  i  -nil:  ill* ';h ''-y  % 

i  i ,  I  .  fc»,»  ,  (.1'  ,^4  <  ,tv: 1  •;•■■’ .  1 

>  "•  <1 


\^J  fif! 


■ '  ■•  (,  •  ^ .  i 

^ '  •*  ifd 

"  •  ‘  ■  >  u  7 


1  ■  :  ■  V  * 
-s'' ■ 


■i 


■  ■•'•.,  !.  ,  .  ,  -  ■),  ■'.v.  IM 

.i'  y  ’  '  !■  t^’-  ; 

;  -K  /  V  .  ♦t  ■•  -  •”«•  v,  .<4' 

-•-  I  •f’  ■*  y  '.  %  A.  ’’7? 


I'l 


»  '  C.' ifc'  y’wi  I'-^-l  * 

<  i  '■  '*  «'  ‘  'i  ■  •-'>•  <  f  ^ 

J  tf  .J.'/n*  5,.-'  ■ 


■  ‘ : r  'l-y 
: 

.  <  ^  i  ^  .  ■  J  if: 

y:i.  y 

'r  ■  »j-  *'>.  >  .» 


I  '  ' 


i .  j 


(In) 

(cm) 


0 

1 

2  3 

4  5 

6 

1  1 

f  ,  i 

1 

1  1  1 

^  )  1  1  1 

^  1  1  1  I 

1  1 

0  2  4 

6 

8  10  12  14  16 

18  20  22  24  26 

28  30 

A-92 


Lb  b  ..  Tv  r  ■:  .  I  Lb  +’  ' 


NADC-85023-60 


L-  J-  it-oT  f-i-iCILl  r: 


INSTRLiHLf-nED  IMPACT  TEST 


T30^;> 7BA  #6 

Drop  weight  =  7.00Lb  I’sta  di  st 

Tup  radius  =  .  5'jC>i  n  DF.'M  scale 

Temperature  =  74.0  F  Flag  grid  = 

VO  =  3.313-ft/E  abE(V-f) 

F.E.  =  l.r4-ft-Lb  V-f'Icalci  = 


Load  (Lb)  Tirrie(s)  E'0(Ft-L.b)  Dis,p(in  < 


347 . 6 

3. 313E-3 

1 . 28 

.  095(7 

Max  i  (TiLifii 

•force 

342.2 

3. 603E-3 

1 . 30 

.  0958 

Max i mum 

energy 

342.2 

3. 603E-3 

1 . 30 

.  0958 

Max i mum 

di  spl  acenient 

4.0 

6. 76BE-3 

.  45 

.  027 1 

Final  V 

a]  Lies 

MAT  r'  1  O'J  1 

.  2)  n/Di  S' 
.  L»40i  n 
3.25tt/s 
-2. 74Ft/s 


NADC-85023-60 


T300/V378A 


A-94 


NADC-85023-60 

NhDC '  E  T  I DF-OE-  TE&T  FhCILITV 

INSTRUMENTED  I  Mr  ACT  TEST 


Drop  wei 

ght  =  L1.36Lb 

Data  disE; 

MATO 1 20 1 

Tup  radi 

LIE  =  .  5'0'0i  n 

r>F:M  scale 

. 8Fn/Di V 

Temperature  =  74.0  F 

\>0  =  11.49Tt/e 

Flag  grid= 

. 040 i n 

1  .E. 

=  64. 34 Ft -Lb 

Vt  (calc)  = 

9. 51  Ft /E 

Lead (Lb 

/  T 1  me  (  E  )  E’L’  ( Ft  — 

L  b  )  D 1  E  p  (in  > 

733.  B 

1. BOSE -3  5.71 

.24B3 

Ma;:ifriU(n  Force 

.  “o 

6.BS5E-3  22.50 

.  8565 

Mar  j  mLim  energy 

6.885E-3  22.50 

.  8565 

Me;:  1  mum  displacement 

77-3 

e.aS5E-3  22.50 

.  8565 

Final  values 

dOE-  -t 


-p  ?  •i?  ,  ♦J* 

>3 . 0^ 


'^‘1 . . 


i  t 

»  I!, 


-•'il'lTs 
i !  S..",  .r 


/  ‘ 


-  I 

r 

,1 

fc« 

Cl  -1— — - h 


3* .  B  ‘3^3 


T  1  r.i  e  I  sec  ’ 


.3  DO  -j- 

R  nr-,  -- 


V’ 

V  '  ! 


NADC-85023-60 

NADC/ETl-ei'C'O  DKDP  TEEST  FACILITY 


INSTRUMENTED  IMPACT  TEST 


4/2 


C-'P'DMl  ?'01-3  #: 


Drop  we3  ght 

Tu.p  radiLiE 

T  emper  at  ure 
VC' 

P.  E. 


7 .  'OOLb 
•  Z*OOi  n 
74.0  F 
e.  13-f  t/E 
\  18-ft-Lb 


Data  diET: 
DRM  scale 
Flag  Qrid= 
ebE(Vf> 
V-f'calc^  = 


MATO 1 107 

.  BP  n/Di  V 
. 04 Oi n 
5 .  2  3  -f  t  /  E 
-3.  96-ft  /E 


Load  Lb  '  Time(E)  E'C>(Ft— Lb 


741  .  C' 

2. 995E-2 

5.  BS 

.  2441 

Ma; 

:  1  fTfLifTi 

+  orce 

509.0 

4. 505E-3 

7.35 

.  27c:~^ 

Me; 

:  1  iTiUfT: 

e''ier  gy 

V  , 

4. 505E-3 

7.35 

.2^67 

Ma- 

,  J  fTiUfT! 

d  1  Ep  1  acefTient 

14.4 

B. 295E-3 

5. 57 

.  12;3  4 

Final  val uee 

3  I--' Dr  -p 

6G.>  -1 


1 


O-DOV  .  Dui?  . .Ou*:*  .*3^3^ 


I  i  rn  e  'sec 


y  3  *3  .  C-i 

i 

-j-  6  ,  C-i 

! 

4  r  .  o 

I 

^  c 

3  a 

! 

— I-  D  .  D 

•  DID 


D  1  ::  p  3  a  r  e  r,-,ir, 


E.  'B4 


A-98 


NbTnrHrr.l  rnrrrj.  'ri''Lb'  Hb?n-br-!  :'nrrri 


NADC-85023-60 


ETI- 


DhOf  TEST  FAS  IL  I  TV 

IITSTKLir-lENTED  IMPACT  TE5T 


^/26'B4 


Sf-.  £'!•!] 

rir  op 

Tup  radius 
T  t  fiiper  a  t  Lir  e 
'.’0 

(  .E. 


7 .  Ud'Lb 
.  n 

74.0  F 
7 . 4  1  -f  t  /  E 
5. 96-f  l-Lb 


Data  di  sk: 
DRH  scale 
Flag  grid= 
abslVf) 

V-f'.  calc'  - 


MATOl 104 
. 4Kn/D3 
.  04’:.>i  n 
6. 29-f  t/E 
—  u.  Z'u-f  t  'S 


Lcad'.Lpi  Tifi  e',  s)  E'!'(Ft-Lb''  Displin: 


766.  1 

3. 46SE-3. 

5.54 

-  2-450 

Ma;:  i  mum 

Force 

7  1  3  .  E 

4.  lSSiE-3 

.6.11 

Ma;:  i  mun; 

ener  g'.’ 

7  1  £■ .  S' 

4.  1  PEE -3 

6.11 

.  1*54^- 

(Ta;:  i  mu. ni 

cii  Ep]  a c erne, "it 

6 . 3 

7. SB5E-3 

.  OS4  1 

Final  values 

It.-' 


.h 

,•  1  I  _  !•  I 

A.  K’-" 


-f  B  .D 


/  / 


u  .  D  P*!' 


•  ub-l  .olji;. 

T  1  !.■;  S'  '  sec  ’ 


6  DO  -f- 

! 

^  DO  j- 


6,0 


r^  J 
T'  /T 

■ 


-I-  -  n  - 

I  -  I' 


A-100 


'■nrrrt.  'pT-Lh  '  FlbTcrbrd  -rnrrr*, 


NADC-85023-60 


NADC/ETI-B2C"..'  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


I  9  Mil -3  F4 

L'rop  wei  gilt 

-  7 .  (.'OLb 

Data  diet 

MATi:'l  i'J3 

Tup  r  a  d 1 u  s 

=  .  n 

DF.'M  scale 

.  I't  .n  'E'l 

Terriper  atur  e 

=  74.0  F 

Flag  grid= 

.  'j4';;'2  n 

5.3BFt/s 

abs(V4) 

4 . 37  -f  t  '•  E 

P.E. 

3.14+  t-Lb 

V-ficalc'  = 

-3.6347  s 

L  b  T  1  fT:e  •;  E  . 


4.0‘^'CE-: 
4To..  O  4.b-CE-: 
440.';'  4.C9CE-; 

3.6  B. o05E-‘ 


E  ;■  'Ft-Lb 

3.13 
^  zy 

1  .  T4 


.!9ol  t'lf-  •.  1  Fc^rce 

.1V91  Ma;:  1  iTiLtfTi  energ'.' 

.1991  Ma;:ifriU(Ti  d  i  tp  1  acenier'it 

.07h0  Final  values 


5  C  '3  .  t< 


_  D‘3  .  C-i  4- 


■^CU, n 


on  ,  n  4 


a  □ 


I  i  j)p\  *\  f| 

.yifv  .  ,1 

'  ',-1 


IV.' 


.  / 1' 

,1 ' 


rV  / 
/ 


I  cn  □  +  ''  I 

I  ^ 

r-  1! 


■.  F  y" 

'•'ll 

_t^iL _ 


4- 


L': 


i'’', 


Vi 

i 

N  • 


n„ 


4- 


.  C'Da  .  •3Q': 

Time  I  3 .3  c  ’ 


.  r  -'b 


“r  *3  .  f  D  o 


4  ■  K;'  D  '3 


c  .  npO 


l  .  DPD 


PID 


A-102 


Ri.i T n r  b T rj  rnrrr.'  v  '  pi-Lh  '  Mbb':' r  bT'l  -nrrri,. 


\3 


NADC-85023-60 


r-lMl'C  'L'T  I DROP  TEST  FACILITY 

INSTRUMENTED  IMF'ACT  TEST 


4/'26 


GR'BMI  9 IP' 1-3  #S 


Drop  weight  =  7 

'  .  0‘l>Lb 

Data  disT 

MAT 01 101 

T  up  r  ad  i  lie  =  .  S'TC'i  n 

DRM  scale 

.2Kn/Div 

Temperature  =  74 

■.OF 

Flag  grid- 

. 040i n 

V'?  =  3. 

17tt/E 

abE(VF) 

2.B7Ft/e 

f :. .  E .  =  1.1 

0-f  t— Lb 

VF(calc)  = 

-1 . 97-ft/s 

Load  •;  Lb  )  Ti  me  ■.  e  • 

EO(Ft-Lt 

j  /  D 1  E  p  <  1  n  I 

234.3  4.725E-3 

1.13 

.  13-46 

Ma 

rimum  -force 

2'?-'.  3  3.335E-3 

.1.18 

.  1 370 

Ma 

?:in‘ium  energy 

20=?.  5  5.355E-3 

1 .  18 

.  1  370 

Na 

;,inium  di  spl  acenient 

4.0  9.525E-3 

.72 

•  Oc>9’o 

Fi 

nal  values 

5E2A .  A  -r 


•1  D'?' .  A  -f 


j  p  r  ,  n  -L 


lOLi  Cl 


D  Cl 


y' 

A  '-A- 


■y 


- 1 — 


X. 


-+- 


-f- 


A .  B  ‘i»J 


,  BOi 


•  AB-I 
T  1  flit- 


.  •r'Q6 
I  ::  •-  r  ’ 


T  2  .  AD'3 


-f  L  .6Q>3 


4-  I  .2CD 


4  .e30 


-L  .  ^  Ut3 


•  C . DDC 


.BID 


_c 

I 


SBC-’.  *3 


.JB'I',  •?  -t 


.  L  »  .  B-  >.•  .  AB'j  .13?  .  J  6  D 

r  ■.  3  ;.''i  =!•:•=  I.'. •i  '  ■  '  r.  ■ 


-r  2.  .  O'D'3 

--  t  .an'? 

i 

-!-  L  .2eo 

I 

--  .5BT 

i 

-1-  .  J  DC 

i 

— r  c . cac 
2:C'L 


■'Bh 


A-104 


UliTnrbrri  rnrrrr,-  '  F P  "Lh  '  flbTcrbrd  irnm;; 


NADC-85023-60 


A  / 26 /i:< A 


N-:li  ET] -82'.",'  L'F.DF  TE8T  FACILITY 


INSTRUMENTED  IMPACT  TEST 


UP 

EMI  9  I'M -7  #6 

Drop  i-jeiqht 

=  7.00Lb 

Data  diE 

L:  MAT  01 007 

Tup  radius 

=  .  5'uOi  n 

DRM  scale 

- 2Kn/Di V 

Temperature 

=  74 . 0  F 

Flag  grid 

=  .040 in 

V'.' 

=  3.2''jft/s 

abs (Vf ) 

=  3.14-ft./5 

L..E. 

1 . 18f t-Lb 

Vt (cal c ) 

=  -2.58-ft/s 

Load 'Mb)  Ti 

frie(E)  E'j(Ft-Lb 

>  C>i  sp  ■;  1  n 

> 

274.7  4.7 

35E-3  1-25 

-  1 35 1 

Mav;imum  force 

264.4  5.0 

55E-3  1 . 26 

-  1  358 

Ma;;imu(ri  energy 

264.4  5 . 0 

55E-3  1.26 

-  1 35B 

Marimufi;  displacement 

2.6  9.5 

15E-3  -49 

-  04  1  3 

Final  values 

A- 106 


MbTnrb'’'!  rnrrrij.  'Tb~Lh,''  flbinrbird  irnrruc  ifb“lh 


NADC-85023-60 


GR/BMI  9101-3 

#6 


0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30 


A- 107 


NADC-85023-60 


T300/130B 


A- 108 


NADC-85023-60 


NADC/ET 1-8200  DROP  TEST  FACILITY  1/17/84 


INElTRUr'IENTED  IMPACT  TEST 


A 1 3(-'  GR /  BM I 


Drop  we: ght  =  3 

1 . 36Lb 

Data  disk 

MAT00701 

Tlip  radius 

50 (.'ll  n 

DRM  seal e 

.  Bl  !n/Di  V 

Temper-ature  ="  74.0  F 

VO  =  1  1  .  1  1  -f  t  /  s 

Flag  grid= 

.040 in 

K.E.  =  6u. 

12-f  t-Lb 

V-f(calc)  = 

10.  37-f  t  /  s 

Load ( Lb )  Ti me ( s ) 

EO  (Ft-I 

Lb )  Di  sp  ( 1  n  ) 

294.9  1.155E-3 

1 . 98 

.  1 553 

Ma;:imLtm  -force 

77.3  5.845E-3 

9.69 

.7511 

Ma;:imum  energy 

77.3  5.e45E-3 

9.69 

.751  1 

Ma;;imLim  displacement 

77.3  5.845F-3 

9.69 

.7511 

Final  values 

O.DO*.-'  .£36.?  .GDi:-  .  C-»3t'  .BID 


Time  (  3  a  c 


C-'.DC-»3  .  £Dli  .“I DC-'  .6  03  .  63D  3  .  DC'D 


D  1  3  p- 1  5i  c  a  fii  ■=•  n  1  ’’  i  n  > 


flbTorbrrj  mcrgy  (Ft“Lb  '  Ab^arbrci  i!*nrrrjv  ' 


NADC-85023-60 


A 1 30  GR/BMI 


#1 
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NADC-85023-60 


NADC/ETI-B200  DROP  TEST  FACILITY  1/17/B4 


INSTRUMENTED  IMPACT  TEST 


A 130  GR/BMI  #2 

Drop  weight  =  7.00Lb  Data  dish. 

Tup  rad  a  us  =  .  50C>i  n  DRM  scale 

Temperature  =  74. C)  F  Flag  grid  = 

VO  =  9.66Ft/s 

K.E.  =  10.15-ft-Lb  V-f(calc)  = 

Load  (Lb)  Time(s)  EG  (Ft -Lb)  Dispdn) 


91.4 

1 . 9B3E-3 

3.  1  1 

.  2167 

Ma>:imLim  -force 

62.9 

8.B88E-3 

8.94 

.6762 

Ma:;  i  mum  energy 

62.  9 

8. 888E-Z 

8.  94 

.  6762 

Ma.s'imum  displacement 

62.  9 

8. 8888-3 

8.94 

.6762 

Final  values 

MAT  00703 

. 4Kn/Di V 
.  040 i  n 

3.  B4-ft/B 


flbTnrbrrj  rneray  'Ft-Lb  '  Rbrorb^cl  rncrgy 


NADC-85023-60 


A 1 30  GR/BMI 

#2 


(l«l  0  1  2  3  4  5  6 

/  _i  I — I — H-i — I — 1 — I — r-S — I — ^ — I — rS — I — I 

'  '  0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30 


A-n3 


NADC-85023-60 


NADC/ETI-8200  DROP  TEST  FACILITY  1/17/84 


INSTRUMENTED  IMPACT  TEST 

GR/BMI  #3 

Drop  wei ght 

=  7.00Lb 

Data  disl:: 

MAT00705 

Tup  radius 

=  .500 in 

DRM  scale 

.  41:!n/Di  v 

T  emper ature 
VO 

=  74.0  F 

=  6.80-ft/5 

Flag  grid= 

. 040i n 

K .  E . 

5. 03^  t-Lb 

V-f<calc)  = 

-.64-ft/5 

Load (Lb ) 

Ti me (s) 

EO (Ft-Lb) 

Di sp ( 1 n ) 

265.3 

1 . 918E-3 

1.91 

.  1447 

Ma>:  i  mum  -force 

205 . 0 

7.60aE-3 

cr 
wJ  • 

.  3282 

Ma>:imum  energy 

205.  0 

7.608E-3 

^  *7*0 

,  3282 

Ma:;imum  displacement 

164.6 

8.423E-3 

5.  17 

.  3250 

Final  values 

A-114 


Rb^orbrcl  r’nrrgy  (Ft“Lh)  flb'nrbrd  rnergy  'ft'lb) 
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N  ADC-85023-60 

NADC/ETI-8200  DROP  TEST  FACILITY 


1/17/84 


INSTRUMENTED  IMPACT  TEST 


A 130  GR/BMI  #4 


Drop  weight 
Tup  radius 
Temperature 
VO 

K .  E . 


=  7.00Lb 

-  .500in 

=  74.0  F 

=  4.73-ft/E. 

2. 43+t-Lb 


Data  disk 
DF;M  scale 
Flag  grid= 

V-f(calc)  = 


MAT 00707 

.2Kn/Div 
.  040i n 


-1 . 87tt/s 


Load (Lb)  Time(s)  EO(Ft-Lb)  Displin) 


177.  1 

1 . 078E-3 

.42 

.  0595 

Initial  damage 

265. 3 

3. 8iaE-3 

2.  14 

.  1 653 

Maximum  torce 

232. 0 

5.593E-3 

2.54 

.  1 850 

Maximum  energy 

2  32.  0 

5. 593E-3 

2.54 

.  1 850 

Maximum  displacement 

71.9 

8.  '1 12E-3 

2.14 

.  1478 

Final  values 

TorberJ  pncrrrv  (Ft“Lb)  Rbrorbrcl  rnrrciv  (ft“)b) 


NADC-85023-60 


A 130  GR/BMI 

#4 


/,_«  0  1  2  3  4  5  6 

(cm)  I — ' - - 1 — ' ' — ' 1 - - ' 1 

'o  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30 


A-117 


NADC-85023-60 

NADC/ETI-8200  DROP  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


2/27/84 


A 130  GR/BMI  #5 


Drop  weight 

Tup  radius 

Temperature 

VO 

K.E. 


7 . OOLb 
. 500i n 
74.0  F 
3.  88-f  t/E 
1 . 63T t-Lb 


Data  disk 
DRM  scale 
Flag  grid= 
abs(V-f)  = 
VF(calc)  = 


MAT00903 

. 2Kn/Di V 
. 04 Oi n 
3. OOt t/s 
-2. 46f t/s 


Lcad(Lb)  TimeCs)  EO(Ft-Lb)  Displin) 


1 82 . 4 

1 . 935E -3 

.54 

.  0861 

Initial 

damage 

266.9 

4. 465E- 3 

1 . 63 

.  1526 

Ma>;  1  mum 

■force 

249.  6 

5. 295E-3 

1 . 72 

.  1572 

Max i mum 

ener  gy 

249.6 

5. 295E-3 

1 . 72 

.  1572 

Max i mum 

di  spl acement 

1  .  3 

1 . 01  1E--2 

1 . 0 1 

.  0582 

Final  v 

al  Lies 

5  00. 0 


■2l30.n--  / 

.J  /L 

iV^'  'A 

.  />' 

C3  a  4''  -- - - t - - 1  — 


.  006  .011: 
T  i  m  e  f  3  e  c  i 


2 . 000 


I  .6  00 


I  .2  00 


+  E3 .  cinn 
02  0 


2  .000 


_  4  Q  ^3  .  >3 


'3  00.0 


i'-'?on,  n 


/■ 

/ 


~  A 
r.AJ''"  A 


1.6  00 


1.200 


D  CJ 
0 . 0 


.040  .0E'0  .1S0  .160 

D  1  3  p- 1  ac  e  m e n  1  ''  i  n  i 


— FQ.canca 
.  £00 


A-118 


flbTnrbrd  encrdv  (Ft“Lb)  Rb^nrbrd  rncra/  'it "I hi 
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NADC-85023-60 


NhDC/ETI-8200  DROP'  TEST  FACILITY  3/15/84 


INSTRUMENTED  IMPACT  TEST 

GR/BriI  #6 

Drop  weight  = 

7. OOLb 

Data  disk 

MAT  0 1 003 

Tup  radius  = 

. 500 1 n 

DRM  scale 

. 2Kn/Di V 

Temperature  = 

74.0  F 

Flag  grid= 

. 040i n 

VO 

3. 37-ft/s. 

abs(Vf>  = 

2.73-ft/s 

K.E. 

1 . 23-f  t-Lb 

V-f(calc)  = 

-2. 30ft /5 

Lodd<L.b)  TimB(s)  EG  (Ft— Lb)  Disp(in) 


159.2 

2. 075E-3 

.43 

.  080 1 

Initial 

damage 

234.7 

4. 715E-3 

1 . 26 

.  1 383 

Ma;t  i  mum 

f  orce 

218.5 

5. 445E-3 

1 . 31 

.  1414 

Ma;:  i  mum 

energy 

218.5 

5. 445E-3 

1.31 

.  1414 

Ma;;  i  mum 

di spl acement 

4.0 

1 . 037E-2 

.68 

.  0470 

Final  values 

A- 120 
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A.121 


N  A  DC-85023-60 


HX-1516 


A-122 


NADC-85023-60 


NADL'/ET  I-G200  E'ROF'  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


Co  / . 


HX1C16  #1 


Etqp  weight 
Tup  r  a  d  1  L.1 5 
Temperature 


31 . 36Lb 
.  SO'Oi  n 
7V| .  0  F 
1  i  .  4  9  T  t . ' ! 


Data  disE; 
DR.M  scale 
Flag  gr i d= 


■:  '.  ’-c 


MATOIC'OC 
.  Bi-n/Di ' 
.  04E)i  n 
9 . 0 1 1 1  ■  E 


t.  E. 

=  64.3 

4-ft-Lb  V-f'calc) 

=  R.4B-ft^E 

Load 

-Q 

-J 

i  Ti/rie'.s) 

E'lMFt-Lb)  Disp(in 

1 

7E'0 

1 . 695E-3 

,  6.26  .2327 

Na-timiLin'  -force 

66 

6.1 

22.53  .7613 

Marsi  muiT;  ener  c 

66 

er 

•  w» 

c. 125E-3 

22.53  .7616 

Mar  1  mum  displ 

acement 

66 

■ 

6. 12SE-3 

33 .  53  .  36 1 S 

Final  values 

3  C-Or  - 

r 

1 

^  tr'.O 

1 

i 

•3  00  -j 

1 

i 

“! 

•-1-  ! 

j 

1 

1 

•  1  */• 

i 

fu  n  r:  - 

;  >  t/i, 

i. 

y 

1 

j-  ?  'T* .  3 

i 

-ifp  4- 
1 

j 

i  i' 


?C  .  n 


hj  e 


—  j  L.  .  Cl 


+ 


-t-  Cl  Cl 


I?  .  □  '30 


.  aci 


.  C-'a'=l  .  ►3Dr 

'Time  I  c  >3  c  ’ 


a  3  u 


le-tne  -p 


•3  0  A  4 


*3  L'n  4 


Oh 


A  ' 

I  J 


;  c  c 


V- 


'w-'v. 


4- 


4- 


c  e 


»3  .  D  >3 


.  303 


•3  Dr 


.6CC- 


:*i  /34 


j:. 


c. 


rnorn.'  '  f  T  *  Lh  '  Rbrhrbrd  "nrrn^-  'FT  “lb 


NADC-85023-60 


HX/1516 


#1 


A-124 


NADC-85023-60 


NADC/ETI-E!200  DRDF'  TEST  FACILITY 

INSTRUMENTED  IMPACT  TEST 


6/21/8^ 


HX1S16  #2 


Drop  v-je]  ght 
Tup  radius 
Temperature 
V'u 
r: .  E . 


7 . ODLb 
. uOOi n 
74.0  F 
6 .  t  7-f  t  /  s 
4.  S3-f  t-Lb 


Data  disk 
DRM  scale 
Flag  grid= 
abs-CV-f'  = 
V-f(calc>  = 


MATO 1203 

. 4Kn/Di V 
. 040in 
5.  B5-f  t/s 
-4.55tt/s 


Load',' Lb)  T 1  me  ( E  )  EtOFt-Lb)  Disp(in) 


7.D45E-3 


1.65 

.  1  299 

4.7b 

.2111 

4. 9o 

.2149 

4.96 

.2149 
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